Objective: Best practices for using information technology in undergraduate medical education are unknown. Medical student input should play an important role in determining how technology is used in undergraduate medical education. Our objective was to determine student perceptions on the role of teaching technologies in undergraduate medical education.
http://dx.doi.org/10.15694/mep.2014.003.0027 classroom. 2 For instance, since the first tablet computer was debuted in April 3, 2010, over one-third of Americans own a tablet computer based on the Pew Research Internet Project survey in May 2013. 3 There are few studies that are available that help institutions and faculty determine which technologies to implement and how faculty will use the technology to teach students. Despite this, forty one percent of medical schools had an annual budget of $5 million dollars or more for informational technology (on average 3 percent of total medical school budget) based on the 2012 Group on Information Resources (GIR) Medical School IT Survey. 4 Some of technologies being developed for education include massively open online courses (MOOC), tablet computing, and gamification (NMC). Workgroups such as the 2020 Vision of Faculty Development Across the Medical Education Continuum 1 , GIR workgroups 4 , Association of American Medical Colleges, 5 and New Media Consortium (NMC) 2 , provide general updates on new technologies, but provide little guidance on which technologies to implement and how to use them for teaching. In addition, a recent study performed by Mason, et al found that although many teaching faculty at AAMC institutions use simulation, hand-held devices, and web-based clinical scenarios, but they personally believed that e-learning required more time to incorporate and was less effective than face-to-face methods to teach skills. 12 Student perception surveys have been found to be important in many different realms. The premise is that students know an effective teacher and teaching method when they experience one. For example, the Bill and Melinda Gates Foundation implemented the Measures of Effective Teaching (MET) project and found that teachers' student survey results are predictive of student achievement gains and that student surveys produce more consistent results than classroom observations or achievement gain measures. 6 Methods that directly consider student perspectives on the activities of teaching and learning enable educators to develop a richer understanding of the contributions of various learning activities towards achieving specific learning outcomes 7 . Although biasing variables such as grades play a minor role, student ratings of instruction measure general instructional skills. 8, 9 Student ratings of instruction are often considered as one of the measures of instructional effectiveness. 10 Additionally, student engagement has been found to directly affect student achievement and in-depth understanding. 6 When medical student feedback was used to modify teaching sessions, improvements were seen in students' perception of the value of a teaching session. 11 Similarly, medical students know the difference between effective and ineffective teaching methods. Yet, there are no studies evaluating how students want their faculty to use teaching technologies to advance their medical education. Therefore, we conducted a survey in 2013 at the University of Iowa Carver College of Medicine (CCOM) to understand students perceptions on use of technology in medical education. Specifically, we conducted a survey of all medical students to: 1) To determine medical student attitudes toward teaching technology; 2) to establish what teaching technologies medical students think their faculty should know; 3) to elicit what teaching technologies medical students think their faculty should learn about and 4) to determine how medical students want to learn. 
Methods:
The CCOM is part of University of Iowa Health Care-a tertiary care academic medical center in Iowa City, Iowa. In 2013, CCOM included 612 medical students-162 first-year medical students, 165 second-year medical students, 146 third-year medical students, 139 fourth-year medical students, and 56 Medical Scientist Training Program (MSTP) students.
We developed a web-based survey that consisted of 3 parts. The questionnaire included a series of six statements to gauge the respondent's own knowledge and confidence about technologies used for learning.
Responses were recorded on a 5-point Likert scale with 1 being not knowledgeable or not confident and 5 being very knowledgeable or very confident, respectively. We then provided the student a list of 22 teaching technologies that faculty have used -based on our literature review of teaching technologies and the Association of American Medical Colleges (AAMC) report on Effective Use of Technology in Medical Education 5 and Mason's survey of faculty on important teaching technologies. 12 In addition, we added commonly used technologies such as PowerPoint, lecture capture, course management systems, and social media because of their prevalence and importance in medical education. We asked students to rate which technologies they thought that faculty should know using a 5-point scale of importance. Subsequently we asked respondents to rate how important they thought it was for faculty to learn about the technologies that they rated of high importance (a response of 4 or 5 on the previous questions). Finally, we asked students the question, "What other teaching technology skills should most faculty members ought to know?" inviting students to submit free text comments on the survey. Our survey is included as Appendix 1. We piloted our survey with both faculty and medical students. Based upon the results from our pilot testing, we refined and updated the survey before distributing it.
The survey was conducted using the Qualtrics survey program (Qualtrics, 2005, Provo, UT), a webbased survey and data collection. We distributed the survey to all 612 medical students on an email distribution list maintained by CCOM Office of Student Affairs and Curriculum. Qualtrics provided an individualized link sent by email to eligible medical students, through which they could enter into the survey. The confidentiality of individual responses was maintained throughout the survey. The initial survey was distributed on January 28, 2013. Two reminder emails to complete the survey were sent at 2 and 4 weeks.
All statistical analyses were conducted with SPSS (version 20, 2011, IBM Corporation, Armonk, NY). Frequency tables and descriptive statistics were used for initial survey analyses. T-tests were calculated to study the differences in student opinions between preclinical medical students (Group 1= 1 st and 2 nd year medical) and clinical medical students (Group 2-=3 rd year medical students and beyond) on which teaching technologies were important, student knowledge and confidence scales, and student learning preferences.
This study was granted exempt status by the IRB of the University of Iowa.
Results:
We received 96 completed surveys from the 612 medical students who were emailed the survey (response rate 14%). 46% of the respondents were male (student body is 57% male) and 54% of respondents were female. Please see full results on Table 1 . The summary score of self-reported knowledge regarding technology among the medical students was 3.26 on a Likert Scale of 1-5 with 1 being not knowledgeable and 5 being very knowledgeable and 3.92 on the confidence scale with 1 being not confident and 5 being very confident. Both knowledge and confidence were similar when comparing knowledge and confidence for students in the pre-clinical and clinical years of medical school.
Students rated the most important skills (>4 on Likert scale) for faculty to possess or know as: ability to produce a basic presentation using PowerPoint with text slides, clipart, or graphs, ability to produce a basic handout in Word or PowerPoint that incorporated visual aids, and ability to navigate and manage an ICON course (the CCOM course management system). Most students felt being able to use a social network, develop a web page, or develop smartphone applications were least important (<2 on Likert scale) for faculty to learn. (Table 2) . http://dx.doi.org/10.15694/mep.2014.003.0027 The most important technological skills for faculty to know based on student feedback. Students were provided with a list of 22 teaching technologies that faculty have used and were asked to rate which technologies they thought that faculty should know using a 5-point scale of importance with 1 being not Technologies that students ranked the most important (receiving the highest numbers of "4" or "5" ratings) for faculty to learn are listed on Table 3 . Students felt that it was most important for faculty to learn more about creating a course on the CCOM Course management system (ICON), advanced PowerPoint skills, lecture capture software, making handouts, and using clicker technology. Comments from students (Appendix 2) were particularly poignant and telling. Medical students emphasized that faculty need to be proficient in the technology that they choose to use. One student wrote, "There is no specific technology I feel necessary, but it is very frustrating when professors try to use something (e.g. TurningPoint) and then waste time because it malfunctions and they don't know how to fix it." Other responses centered around being more innovative and encouraging faculty to improve their utilization of PowerPoint and branch to other technologies to improve long-term knowledge retention and transfer to clinical situations. For instance, one student wrote, "Faculty should be good engaging teachers. If you read an outline to me I probably won't be back. If you give me a system to remember the outline, I'm yours forever."
Discussion:
Technology is ubiquitous in medical education, but there are few studies evaluating how students perceive technology or what technologies they expect their faculty to have mastered. We offer a survey tool that other institutions can use to assess how confident students are with teaching technologies and determine which teaching technologies students prefer (Appendix 1).
A number of our findings warrant elaboration. First, medical students do not feel that their instructors need to learn more advanced teaching technologies to be effective teachers. Instead, many students felt that the faculty members need to be adept at the technology that they choose to use. Students seem especially frustrated when their instructors "waste time" when faced with technical problems with their presentations. Many of them noted that some instructors lack the basic knowledge of how to start a PowerPoint, advance slides, and other basic skills. Therefore, more resources should be spent to make sure that all faculty members have fundamental presentation skills such as turning on a projector, starting a PowerPoint presentation, and navigating through slides rather than teaching how to create a Smartphone App and other advanced skills.
Second, although our students did not prefer the lecture format as a form of learning, large group lectures is still a very common form of didactic teaching especially in the pre-clinical years. Large group lectures are the most prevalent method for presenting large quantities of information to students. As it seems unlikely that lectures will be entirely removed from the curriculum, tools like PowerPoint, especially when well-designed, can help instructors stay organized and make the lecture more entertaining 13 In addition, multiple studies have outlined methods for faculty to use PowerPoint to the fullest-such as going beyond the bullet points, not reading off the slides, and using multimedia principles. 13, 14 Third, when our student survey results were compared with perceptions of faculty members from the Mason study, we found that students are more comfortable with technology. Most students were either familiar using or felt comfortable learning all of the 22 teaching technologies on the survey. In contrast, over half of faculty surveyed in the AAMC survey had never used PDAs, cell phones, or other hand-held devices for teaching despite this technology being present for > 5 years. 12 Also, 60% of MD-granting medical schools institutions and 40% of DO-granting institutions training institutions appreciated technology, but felt that they were too busy to incorporate it in the classroom 2 Our study has several limitations. Our response rate of 14% creates the potential of non-responder bias in our results. Nevertheless, the demographic characteristics of students who completed our survey were generally similar to those of the non-respondents. Also, in the survey we focused on the technologies commonly used at our institution. We did not explore other emerging technologies such as 3d printing, gamification, learning analytics because the time of adoption for these technologies is between two to five years and we wanted to focus on technologies that are currently available for use today Are C, Axelson R, Savage M, and Fang M MedEdPublish 2014, 3: 27 http://dx.doi.org/10.15694/mep.2014.003.0027
Conclusions:
Medical students want their teachers to use technology in a way that enhances their learning. Determining student attitudes towards technology and which technologies students feel are most important requires sampling students with a survey tool such as the one we developed. We found that students are relatively confident in either using or learning teaching technologies. Students valued faculty who are proficient and able to troubleshoot fundamental technologies such as PowerPoint presentations. We feel that other institutions may benefit from surveying their own medical students and faculty members and/or extrapolating the results from this study to prioritize technologies to allocate resources. 
